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(54) Angle detection device and torque sensor incorporating angle detection device

(57) An angle detection device that accurately de-
tects a rotational angle even if the ratio of an detection
voltage relative to an excitation voltage of a resolver
fluctuates. The angle detection device includes an angle
detector (51) and a controller (2) connected to the angle
detector. The angle detector (51) includes an excitation
coil (WE), which is arranged on a predetermined rotary
shaft and supplied with excitation voltage, and a pair of
detection coils (WA, WB). Each detection coil is ar-

ranged near the excitation coil to induce detection volt-
age when excitation voltage excites the excitation coil.
The detection voltages of the detection coils have dif-
ferent phases. The controller (2) calculates the rotation-
al angle of the excitation coil with the detection voltages
induced to the detection coils. Further, the controller in-
cludes a correction unit (21, 67) for correcting the am-
plitude of the excitation voltage to maintain each of the
induced detection voltages at a predetermined value.
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Description

[0001] The present invention relates to an angle de-
tection device for detecting a rotational angle of a rotary
shaft or the like and to a torque sensor incorporating
such an angle detection device.
[0002] Japanese Laid-Open Patent Publication No.
05-264292 describes an example of an angle detection
device 100 that is known in the prior art. As shown in
Fig. 1, the angle detection device 100 includes a resolv-
er 101, which is connected to a rotation shaft, and a con-
troller 102, which calculates a rotational angle θ of the
rotation shaft from an output signal of the resolver 101.
[0003] The resolver 101 includes an excitation coil
WE and detection coils WA and WB for two phases (i.
e., phase A and phase B). The excitation coil WE is fixed
to the rotation shaft so that the excitation coil WE and
the rotation shaft are pivotal relative to the detection
coils WA and WB of two phases. The axis of the detec-
tion coil WA is perpendicular to the axis of the detection
coil WB.
[0004] The excitation coil WE has one end that is
grounded and another end that is connected to the con-
troller 102 via a differential amplifier 103. The detection
coils WA and WB each have one end that is grounded
and another end that is connected to the controller 102
via respective differential amplifiers 104 and 105. The
controller 102 includes a D/A converter 106, A/D con-
verters 107'and 108, and a central processing unit
(CPU) 109. The CPU 109 includes an excitation ampli-
tude signal calculator 110, an output table 111, an am-
plitude calculator 112, and a rotational angle calculator
113.
[0005] In accordance with an excitation synchronizing
signal (command) from a timing generator (not shown)
of the CPU 109, the excitation amplitude signal calcula-
tor 110 generates an excitation amplitude signal DE and
sends the excitation amplitude signal DE to the D/A con-
verter 106 via the output table (buffer) 111. The D/A con-
verter 106 converts the excitation amplitude signal DE
to an analog signal, or an excitation voltage VE. The ex-
citation voltage VE is amplified by the differential ampli-
fier 103 and applied to the excitation coil WE of the re-
solver 101. When the excitation coil WE is excited, out-
put signals (detection voltages) VA and VB are respec-
tively induced in the detection coils WA and WB. The
detection signal VA is a SIN phase, and the detection
signal VB is a COS phase.
[0006] The detection signals VA and VB are amplified
by the differential amplifier 104 and 105 and sent to the
A/D converters 107 and 108, respectively. The A/D con-
verters 107 and 108 convert the detection signals VA
and VB to digital signals DA and DB, respectively, and
send the digital signals DA and DB to the CPU 109. In
accordance with a sampling request signal from the tim-
ing generator, the A/D converters 107 and 108 respec-
tively sample and convert the detection signals VA and
VB to digital signals DA and DB and send the digital sig-

nals DA and DB to the amplitude calculator 112 of the
CPU 109.
[0007] Based on the digital signals DA and DB, the
amplitude calculator 112 calculates a SIN phase ampli-
tude (amplitude of detection signal VA) and a COS
phase amplitude (amplitude of detection signal VB).
Then, the amplitude calculator 112 sends the SIN phase
amplitude and the COS phase amplitude to the rotation-
al angle calculator 113. The rotational angle calculator
113 calculates the rotational angle θ from the. SIN phase
amplitude and the COS phase amplitude.
[0008] The angle detection device 100 is used with
another angle detection device to configure a torque
sensor that detects steering torque in, for example, an
electric power steering apparatus. In other words, two
angle detectors are used to detect the rotational angle
θ of an input shaft located on a steering wheel side and
the rotational angle θ of an output shaft located on the
steering gear side. The steering torque applied to the
steering wheel is then obtained from the difference be-
tween the two rotational angles θ.
[0009] However, the angle detection device 100 of the
prior art has a shortcoming. In the resolver 101, the ex-
citation current of the excitation coil WE relative to a pre-
determined excitation voltage VE fluctuates according
to conditions such as the ambient temperature or the
temperature of the excitation coil WE. This causes fluc-
tuation in the amplitude of the detection signals VA and
VB of the resolver 101.
[0010] More specifically, when the temperature rises
and increases the resistance of the excitation coil WE,
the excitation current of the excitation coil WE corre-
sponding to the excitation voltage VE decreases. Thus,
the amplitudes of the detection signals VA and VB in-
duced in the secondary side detection coils WA and WB
also decrease. This decreases the accuracy of the angle
detection device 100 for detecting the rotational angle θ.
[0011] The amplitude calculator 112 of the CPU 109
retrieves the detection signals VA and VB via the A/D
converters 107 and 108 for a predetermined number of
times and calculates the amplitudes of the detection sig-
nals VA and VB using least squares. A decrease in the
amplitudes of the detection signals VA and VB reduces
the resolution of the A/D converters 107 and 108. This
further reduces the amplitude calculation accuracy of
the amplitude calculator 112 and the rotational angle θ
calculation accuracy of the rotational angle calculator
113. Thus, when using the angle detection device 100
as the torque sensor, abnormal noise or vibrations may
be produced by an increase in the ambient temperature
or the temperature of the excitation coil WE.
[0012] One aspect of the present invention is an angle
detection device for use with a rotary shaft. The angle
detection device has an angle detector including an ex-
citation coil, with the excitation coil arranged on the ro-
tary shaft and supplied with excitation voltage, and a pair
of detection coils, with each detection coil being ar-
ranged near the excitation coil to induce detection volt-
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age when excitation voltage excites the excitation coil.
The detection voltages of the pair of detection coils have
different phases. A controller is connected to the angle
detector for calculating the rotational angle of the exci-
tation coil from the detection voltages induced in the de-
tection coils. The controller includes a correction unit for
correcting the amplitude of the excitation voltage to
maintain each of the induced detection voltages at a pre-
determined value.
[0013] Another aspect of the present invention is a
torque sensor for use with an input shaft and an output
shaft. The torque sensor includes a torsion bar having
a spring constant connected between the input shaft
and the output shaft. A first angle detection device de-
tects a rotational angle of the input shaft. A second angle
detection device detects a rotational angle of the output
shaft. A calculation unit calculates a torsion amount of
the torsion bar from the deviation between the rotational
angle of the input shaft detected by the first angle de-
tection device and the rotational angle of the output shaft
detected by the second angle detection device. The cal-
culation unit also calculates the torque applied to the
input shaft based on the torsion amount and the spring
constant of the torsion bar. The first angle detection de-
vice includes a first angle detector having a first excita-
tion coil, with the first excitation coil arranged on the in-
put shaft and supplied with a first excitation voltage, and
a pair of first detection coils, with each detection coil be-
ing excited by the first excitation coil to induce first de-
tection voltage. The first detection voltages of the pair
of first detection coils have different phases. A controller
is connected to the first angle detector to calculate the
rotational angle of the first excitation coil from the first
detection voltage induced in each of the first detection
coils. The controller includes a correction unit for cor-
recting the amplitude of the first excitation voltage to
maintain each pf the first detection voltages of the first
angle detector at a predetermined value. The second
angle detection device includes a second angle detector
having a second excitation coil, with the second excita-
tion coil arranged on the output shaft and supplied with
a second excitation voltage, and a pair of second detec-
tion coils, with each detection coil being excited by the
second excitation coil to induce second detection volt-
age. The second detection voltages of the pair of second
detection coils have different phases. A controller is con-
nected to the second angle detector to calculate the ro-
tational angle of the second excitation coil from the sec-
ond detection voltage induced in each of the second de-
tection coils. The controller includes a correction unit for
correcting the amplitude of the second excitation volt-
age to maintain each of the second detection voltages
of the second angle detector at a predetermined value.
[0014] A further aspect of the present invention is a
method for detecting the rotational angle of a rotary
shaft. The method includes applying excitation voltage
having a predetermined amplitude to an excitation coil
arranged on the rotary shaft, inducing detection voltag-

es having different phases in a pair of detection coils
that are arranged near the excitation coil by exciting the
excitation coil, calculating a rotational angle of the rotary
shaft from the detection voltages, and correcting the am-
plitude of the excitation voltage to maintain each of the
detection voltages at a predetermined value.
[0015] The invention, and preferred objects and ad-
vantages thereof, may best be understood by reference
to the following description of the certain exemplifying
embodiments together with the accompanying drawings
in which:

Fig. 1 is a schematic block diagram of an angle de-
tector in the prior art;
Fig. 2 is a schematic diagram of an electric power
steering apparatus including a torque sensor ac-
cording to a preferred embodiment of the present
invention;
Fig. 3 is a schematic diagram of the torque sensor
of Fig. 2;
Fig. 4 is a schematic block diagram of an angle de-
tector employed in the preferred embodiment;
Fig. 5 is a flowchart showing an excitation amplitude
correction process executed by the angle detector
of Fig. 5; and
Fig. 6 is a rotation angle table used in the excitation
amplitude correction process of Fig. 5.

[0016] In the drawings, like numerals are used for like
elements throughout.
[0017] Fig. 2 is a schematic diagram of an electric
power steering apparatus that incorporates a torque
sensor 11 according to a preferred embodiment of the
present invention. As shown in Fig. 2, the electric power
steering apparatus 1 includes an electric power steering
controller (hereafter referred to as a controller) 2, and
an electric motor 3 controlled by the controller 2. The
electric motor 3 has an output shaft fixed to the gear 4.
The electric motor 3 is, for example, a three-phase syn-
chronous permanent magnet motor (brushless motor)
and has a motor rotational angle sensor (e.g., Hall ele-
ment) 5.
[0018] The motor rotational angle sensor 5 detects
the rotational angle of the electric motor 3 and sends the
detection result (motor rotational angle signal) to the
controller 2. The rotational angle of the electric motor is
an electric angle representing the magnetic pole of the
rotor of the electric motor 3 (i.e., rotational angle θm of
rotor).
[0019] A steering shaft 8 has one end connected to a
steering wheel 7 and another end fixed to a reduction
gear 9. The reduction gear 9 is engaged with a gear 4
of an electric motor 3.
[0020] The steering shaft 8 includes a torsion bar 10
on which a torque sensor 11 is arranged. The torque
sensor 11 detects the steering torque T applied to the
steering wheel 7 from the torsion amount of the torsion
bar 10 when the driver operates the steering wheel 7
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and rotates the steering shaft 8. The steering torque T
is sent to the controller 2.
[0021] The reduction gear 9 is fixed to a pinion gear
13 by means of a pinion shaft 12. The pinion gear 13 is
engaged with a rack 14. A tie rod 15 is fixed to each of
the two ends of the rack 14. A knuckle arm 16 is pivotally
connected to the distal portion of each tie rod 15. A piv-
otal cross member 17 is connected between the two
knuckle arms 16. A front wheel 18 is mounted on each
knuckle arm 16.
[0022] A vehicle velocity sensor 19 is arranged on
each of the left and right front wheels (in Fig. 2, the ve-
hicle velocity sensor 19 is shown on only one of the front
wheels 18). Each vehicle velocity sensor 19 detects the
wheel speed of the corresponding wheel (i.e., the
number of rotations of the wheel per unit time, or the
rotation speed) and sends the detection result (i.e.,
wheel speed signal) to the controller 2. The controller 2
calculates the vehicle velocity V based on the wheel
speed signal received from each vehicle velocity sensor
19.
[0023] When the driver turns the steering wheel 7, the
steering shaft 8 is rotated. The rotation is transmitted to
the rack 14 via the torsion bar 10, the pinion shaft 12,
and the pinion gear 13 to move the rack 14. This chang-
es the direction of the two front wheels 18.
[0024] In this state, the controller 2 controls the elec-
tric motor 3 in accordance with the steering torque T and
the vehicle velocity V to generate a predetermined aux-
iliary steering torque (assist torque). The rotation of the
reduction gear 9 is transmitted to the reduction gear 9
via the gear 4. The reduction gear 9 reduces the speed
of the rotation and then further transmits the rotation to
the pinion shaft 12 and the pinion gear 13. The rotation
of the pinion gear 13 is transmitted to the rack 14 to
move the rack 14. In this manner, an assist torque is
added when turning the steering wheel 7 to change the
directions of the front wheels 18.
[0025] The electric configuration of the controller 2 will
now be discussed. Referring to Fig. 2, the controller 2
includes a central processing unit (CPU) 21, a read only
memory (ROM) 22, a random access memory (RAM)
23, a motor driver 24, and a current sensor 25. Among
the three phases of excitation currents Iu, Iv, and Iw sup-
plied to the electric motor 3 from the motor driver 24, the
current sensor 25 detects the U-phase excitation current
Iu and the V-phase excitation current Iv.
[0026] The ROM 22 stores control programs, which
include a basic assist control program and a steering
wheel returning program, various types of data, and var-
ious types of characteristic maps. The various maps are
obtained through experiments conducted on each vehi-
cle model and through known theoretical calculations.
The maps include, for example, a basic assist torque
map, which is used to obtain basic assist current from
the vehicle velocity Va and the steering torque T, and a
map for obtaining a steering wheel returning command
current from the vehicle velocity V, the steering angular

velocity, and the absolute steering angle.
[0027] The RAM 23 is used by the CPU 21 as a data
work area for executing the control programs written to
the ROM 22 to perform various types of calculations.
The RAM 23 temporarily stores calculation results of the
calculations performed by the CPU 21.
[0028] The torque sensor 11, the vehicle velocity sen-
sor 19, the motor driver 24, the motor rotational angle
sensor 5, and the current sensor 25 are each connected
to the CPU 21 via an input/output interface (not shown).
Based on the information from the sensors 5, 11, 19,
and 25, the CPU 21 executes the basic assist control
program and the steering wheel return control program.
[0029] The CPU 21 uses the basic assist map to cal-
culate the basic assist current, which corresponds to the
vehicle velocity V and the steering torque T. Then, the
CPU 21 calculates a PI control value from the difference
between the basic assist current and the actual motor
drive current, which is obtained from the motor drive cur-
rent sensor (not shown). The CPU 21 performs PWM
calculation with the PI control value and provides the
PWM calculation result (motor control signal) to the mo-
tor driver 24. In accordance with the motor control sig-
nal, the motor driver 24 supplies the electric motor 3 with
basic assist current (i.e., three phases of excitation cur-
rent) through excitation current paths of the three phas-
es. The electric motor 3 applies basic assist force to the
steering wheel 7 in accordance with the basic assist cur-
rent.
[0030] The torque sensor 11 will now be discussed in
detail. As shown in Fig. 3, the torque sensor 11 includes
a sensor housing 40, a first angle detection device 41,
and a second angle detection device 42. The sensor
housing 40 covers the torsion bar 10. In the sensor
housing 40, the first and second angle detection devices
41 and 42 are fixed to the steering shaft 8 with the torsion
bar 10 located in between. The first angle detection de-
vice 41 is arranged at the input side of the steering shaft
8 (i.e., the side closer to the steering wheel 7). The sec-
ond angle detection device 42 is arranged at the output
side of the steering shaft 8 (i.e., the side closer to the
reduction gear 9). The input side of the steering shaft 8
defines an input portion 8in, and the output side of the
steering shaft 8 defines an output portion 8out.
[0031] When the steering wheel 7 is turned and torque
is applied to the steering shaft 8, the torsion bar 10 is
twisted. This causes relative displacement between the
input portion 8in of the steering shaft 8 and the output
portion 8out of the steering shaft 8. The first angle de-
tection device 41 detects the rotational angle of the input
portion of the torsion bar 10. The first angle detection
device 41 detects the rotational angle at the input side
of the torsion bar 10 and sends the input side rotational
angle of the torsion bar 10 to the controller 2. The sec-
ond angle detection device 42 detects the rotational an-
gle at the output side of the torsion bar 10 and sends
the output side rotational angle to the controller 2. The
controller 2 calculates the torsion amount of the torsion
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bar 10 from the deviation of the two rotational angles.
Then, the controller 2 calculates the steering torque T
applied to the steering wheel 7 from the torsion amount
and a spring constant of the torsion bar 10.
[0032] The first and second angle detection devices
41 and 42 will now be discussed. Referring to Fig. 3, the
first angle detection device 41 includes a first resolver
(angle detector) 51 connected to the input portion 8in of
the steering shaft 8. The second angle detection device
42 includes a second resolver (angle detector) 52 con-
nected to the output portion 8out of the steering shaft 8.
[0033] The first resolver 51 includes detection coils
WA and WB for two phases (phase A and phase B) that
are fixed to the inner surface of the sensor housing 40.
The first resolver 51 also includes an excitation coil WE
fixed to the input portion 8in of the steering shaft 8. The
first resolver 51 includes detections coil WA and WB for
two phases (phase A and phase B) that are fixed to the
upper inner surface of the sensor housing 40. The sec-
ond resolver 52 includes detection coil WA and WB (sec-
ondary coils) for two phases (phase A and phase B) that
are fixed to the lower inner surface of the sensor housing
40. The second resolver 52 also includes an excitation
coil WE fixed to the output portion 8out of the steering
shaft 8.
[0034] Referring to Fig. 4, the axis of the detection coil
WA is perpendicular to the axis of the detection coil WB.
The excitation coils WE of the first and second resolvers
51 and 52 are rotatable relative to the detection coils
WA and WB. The excitation coils WE of the first and sec-
ond resolvers 51 and 52 each have a grounded end and
another end connected to the controller 2 via the differ-
ential amplifier 53. The detection coils WA and WB for
the two phases in the first and second resolvers 51 and
52 each respectively have one grounded end and an-
other end connected to the controller 2 via differential
amplifiers 54 and 55.
[0035] When a predetermined excitation voltage VE
is applied to the excitation coils WE from the controller
2, detection signals (voltages) VA and VB are induced
in the detection coils WA and WB. The controller 2 cal-
culates the rotational angle θ of a rotary shaft in each of
the first and second resolvers 51 and 52 from the detec-
tion signals VA and VB.
[0036] A resolver signal process performed by the
controller 2 will now be discussed with reference to the
block circuit diagram of Fig. 4 illustrating the functions
of the CPU 21. The resolver signal process is performed
in accordance with the various control programs stored
in the ROM 22. Each parameter represents a corre-
sponding signal.
[0037] The CPU has an excitation amplitude signal
calculator 61 for generating an excitation amplitude sig-
nal DE, which is a digital signal, in accordance with an
excitation synchronization signal (command) provided
from a timing generator (not shown). The excitation am-
plitude signal calculator 61 sends the excitation ampli-
tude signal DE to a D/A converter 63 via an output table

(buffer) 62. The D/A converter 63 converts the excitation
amplitude signal DE to an analog signal and sends the
analog signal to the differential amplifier 53. The differ-
ential amplifier 53 amplifies the analog signal to gener-
ate excitation voltage VE and applies the excitation volt-
age VE to the excitation coils WE of the first and second
resolvers 51 and 52.
[0038] When the excitation coil WE is excited, detec-
tion signals VA and VB (voltages) corresponding to the
rotational angle θ are induced in the detection coils WA
and WB of the first and second resolvers 51 and 52.
[0039] The detection signals VA and VB are respec-
tively amplified by the differential amplifiers 54 and 55
and then sent to A/D converters 64 and 65. In accord-
ance with a sampling request signal from the timing gen-
erator (not shown) of the CPU 21, the A/D converters
64 and 65 respectively sample the detection signals VA
and VB and convert the detection signals VA and VB to
digital signals DA and DB. The A/D converters 64 and
65 respectively send the digital signals DA and DB to
an amplitude calculator 66 of the CPU 21.
[0040] The amplitude calculator 66 calculates the am-
plitudes of the detection signals VA and VB from the dig-
ital signals DA and DB. In the preferred embodiment,
the amplitude of the detection signal VA is referred to as
SIN phase amplitude Rsin, and the amplitude of the in-
duced detection signal is referred to as COS phase am-
plitude Rcos. The amplitude calculator 66 sends the cal-
culated SIN phase amplitude Rsin and the COS phase
amplitude Rcos to an excitation amplitude correction
calculator 67 and a rotational angle calculator 68.
[0041] The rotational angle calculator 68 refers to a
rotational angle table RT of Fig. 6 and calculates the ro-
tational angles θ of the first and second resolvers 51 and
52 based on the values of the SIN phase amplitude Rsin
and the COS phase amplitude Rcos. The rotational an-
gle table RT is a two dimensional table and stored in the
ROM 22. In the rotational angle table RT, the X axis rep-
resents the COS phase amplitude and the Y axis repre-
sents the SIN phase amplitude.
[0042] In the rotational angle table RT, for example,
range -1 to 1 including the values of which the SIN phase
amplitude Rsin and the COS phase amplitude Rcos may
take is divided into 1024. The indexes of 0 to 1023 are
sequentially allocated to the values of the divided SIN
phase amplitude Rsin and the COS phase amplitude
Rcos. The addresses designated by the sets of indexes
of the values of the SIN phase amplitude Rsin and the
COS phase amplitude Rcos are used to read data. This
enables the rotational angle calculator 68 to determine
the rotational angles θ of the rotary shafts of the first and
second resolvers 51 and 52 without performing compli-
cated calculations.
[0043] In accordance with the various programs
stored in the ROM 22, such as an excitation amplitude
correction calculation process program, the excitation
amplitude correction calculator 67 corrects the ampli-
tude of the excitation voltage (excitation amplitude)
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based on the SIN phase amplitude Rsin or the COS
phase amplitude Rcos. As a result, even if the detection
voltages VA and VB of the first and second resolvers 51
and 52 fluctuate due to changes in the ambient temper-
ature or changes in the temperature of the excitation coil
WE, the excitation amplitude is fed back to increase or
decrease excitation current and obtain the predeter-
mined detection voltages VA and VB. The excitation am-
plitude correction calculator 67 sends the calculation re-
sult (corrected excitation amplitude) to the excitation
amplitude signal calculator 61.
[0044] When the timing generator issues an excitation
synchronization signal (command), the excitation ampli-
tude signal calculator 61 generates the next excitation
amplitude signal DE in accordance with the corrected
excitation amplitude.
[0045] The excitation amplitude correction process of
the excitation amplitude correction calculator 67 will now
be discussed with reference to the flowchart of Fig. 5.
The process illustrated in the flowchart of Fig. 5 is exe-
cuted in accordance with the various types of control
programs stored in the ROM 22, such as an excitation
amplitude correction calculation program.
[0046] In step S101 of Fig. 5, the excitation amplitude
correction calculator 67 retrieves the SIN phase ampli-
tude Rsin and the COS phase amplitude Rcos from the
amplitude calculator 66 to compare the SIN phase am-
plitude Rsin and the COS phase amplitude Rcos. As
shown by the rotational table angle RT of Fig. 6, the SIN
phase amplitude Rsin is greater than the COS phase
amplitude Rcos when the rotational angle θ of the first
and second resolvers 51 and 52 is in the range of 45 to
315 degrees and in the range of 225 to 315 degrees.
When the rotational angle θ is in the range of 0 to 45
degrees, 135 to 225 degrees, and 315 to 360 degrees,
the SIN phase amplitude Rsin is less than the COS
phase amplitude Rcos.
[0047] When it is determined that the SIN phase am-
plitude Rsin is greater than the Rcos phase amplitude
(YES in step S101), the excitation amplitude correction
calculator 67 calculates the signal amplifier R in accord-
ance with equation (1) in step S102.

[0048] When it is determined that the SIN phase am-
plitude Rsin is less than the COS phase amplitude Rcos
(NO in step S101), the excitation amplitude correction
calculator 67 calculates the signal amplitude R in ac-
cordance with equation (2) in step S103.

[0049] The signal amplitude R may be obtained from
only one of the SIN phase amplitude Rsin and the COS
phase amplitude Rcos. However, for example, SINθ is

R = Rsin / SINθ (1)

R = Rcos / COSθ (2)

zero when the rotational angle θ is zero, and COSθ is
zero when the rotational angle θ is 90 degree. In such
cases, the signal amplitude R cannot be calculated. Ac-
cordingly, step S101 is performed so that the signal am-
plitude R can be calculated.
[0050] Then, the excitation amplitude correction cal-
culator 67 assigns the signal amplitude R, which was
calculated in step S102 or step S103, the present exci-
tation amplitude Rp, and the target signal amplitude R*
to equation (3) and calculates the next excitation ampli-
tude Rnext (S104). The present excitation amplitude Rp
is the amplitude value of the present excitation ampli-
tude signal DE. The target signal amplitude R* is the
maximum signal amplitude R that should be output (i.e.,
the maximum value of the SIN phase amplitude Rsin or
the COS amplitude Rcos).

[0051] The excitation amplitude correction calculator
67 sends the calculated next excitation amplitude Rnext
(corrected excitation amplitude) to the excitation ampli-
tude signal calculator 61. The excitation amplitude sig-
nal calculator 61 generates the excitation amplitude sig-
nal DE in accordance with the next excitation amplitude
Rnext.
[0052] In this case, the range of the target signal am-
plitude R* is indicated by circle C1 in Fig. 6, and the
range of the signal amplitude R is indicated by circle C2
in Fig. 6. The excitation amplitude correction calculator
67 corrects the amplitude value of the excitation ampli-
tude signal DE so that circle C2 matches circuit C1. In
other words, the excitation amplitude correction calcu-
lator 67 corrects the amplitude of the excitation voltage
VE so that the present signal amplitude R matches the
target signal amplitude R*.
[0053] An example will now be given in which the val-
ue of the signal amplitude R is affected by a temperature
rise and decreased to half the target signal amplitude
R* (R* = 2R). In this case, due to equation (3), the next
excitation amplitude Rnext becomes equal to a value
that is two times the present excitation amplitude Rp
(Rnext = 2RP). When the timing generator of the CPU
21 outputs the excitation synchronization signal, the ex-
citation amplitude signal calculator 61 multiplies the ex-
citation amplitude signal DE by two times and sends the
corrected amplitude value to the output table 62. As a
result, the next signal amplitude R is approximated with
the target signal amplitude R*.
[0054] Subsequently, the excitation amplitude correc-
tion calculator 67 repeats the processes of steps S101
to S104 in predetermined control cycles.
[0055] In this manner, when the signal amplitude R
has not reached the target signal amplitude R* due to a
decrease in the excitation current, which results from an
increase in the ambient temperature or an increase in
the temperature of the excitation coil WE, the present

Rnext = Rp 3 (R* / R) (3)
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excitation amplitude Rp (i.e., amplitude of the excitation
amplitude signal DE and ultimately the amplitude of the
excitation voltage VE) is corrected so that the signal am-
plitude R matches the target signal amplitude R*. In oth-
er words, the amplitude of the excitation voltage is fed
back to increase or decrease the excitation current and
generate the predetermined detection signals VA and
VB. As a result, the rotational angles θ of the first and
second resolvers 51 and 52 are accurately detected.
[0056] The torque sensor 11 of the preferred embod-
iment has the advantages described below.

(1) The torque sensor 11 includes a correction unit
for correcting the amplitude of the excitation voltage
VE, or the excitation amplitude, to hold the values
of the detections signals VA and VB generated by
the first and second resolvers 51 and 52 at prede-
termined values. More specifically, one of the de-
tection signals (detection voltages) VA and VB for
the two phases is selected in accordance with the
rotational angle θ of the excitation coil WE. Then,
the ratio of the amplitude of the detected voltage for
the selected phase relative to the target signal am-
plitude R* is obtained. The present excitation am-
plitude Rp is corrected based on the ratio. Thus,
even if the excitation current of the first and second
resolvers 51 and 52 fluctuates due to the ambient
temperature, the rotational angle θ of the first and
second resolvers 51 and 2 are still accurately de-
tected. This also reduces differences (changes) in
the detection accuracy of the rotational angle θ.

(2) One of the detection signals VA and VB of the
two phases is selected based on the rotational an-
gle θ of the excitation coil WE. More specifically, the
SIN phase amplitude Rsin is selected when the ro-
tational angle θ is in the ranges of 45 to 135 degrees
and 225 to 315 degrees. The COS phase amplitude
Rcos is selected when the rotational angle θ is in
the ranges of 0 to 45 degrees, 135 to 225 degrees,
and 315 to 360 degrees. Thus, for example, SINθ
is zero when the rotational angle 0 is zero, and
COSθ is zero when the rotational angle θ is 90 de-
gree. In such cases, the signal amplitude R cannot
be calculated. However, step S101 of Fig. 5 is per-
formed so that the signal amplitude R can be calcu-
lated.

(3) In the rotational angle calculator 68, the rotation-
al angle θ is obtained from the rotational angle table
RT of Fig. 6. Thus, the rotational angle θ is obtained
without performing complicated calculations.

(4) The torque sensor 11 includes the first and sec-
ond resolvers 51 and 52. This ensures the torque
detection accuracy of the torque sensor 11. This al-
so reduces differences (changes) in the torque de-
tection accuracy of the torque sensor 11.

[0057] It should be apparent to those skilled in the art
that the present invention may be embodied in many
other specific forms. Particularly, it should be under-
stood that the present invention may be embodied in the
following forms.
[0058] In the preferred embodiment, a Hall element is
used to detect the electric angle (rotational angle θ) of
the electric motor 3. However, the first resolver 51 or the
second resolver 52 may be attached to an electric motor
3, and the first resolver 51 or the second resolver 52
may obtain a rotational angle θm of the electric motor 3.
That is, the first resolver 51 or the second resolver 52
may be used as a motor rotational angle sensor.
[0059] Steps S102 and S103 of Fig. 5 may be elimi-
nated. In other words, the next excitation amplitude may
be obtained from only the SIN phase amplitude Rsin and
the rotational angle θ or from the COS phase amplitude
Rcos and the rotational angle θ. In this case, the process
of step S101 is unnecessary.
[0060] The present examples and embodiments are
to be considered as illustrative and not restrictive.
[0061] An angle detection device that accurately de-
tects a rotational angle even if the ratio of an detection
voltage relative to an excitation voltage of a resolver
fluctuates. The angle detection device includes an angle
detector (51) and a controller (2) connected to the angle
detector. The angle detector (51) includes an excitation
coil (WE), which is arranged on a predetermined rotary
shaft and supplied with excitation voltage, and a pair of
detection coils (WA, WB). Each detection coil is ar-
ranged near the excitation coil to induce detection volt-
age when excitation voltage excites the excitation coil.
The detection voltages of the detection coils have dif-
ferent phases. The controller (2) calculates the rotation-
al angle of the excitation coil with the detection voltages
induced to the detection coils. Further, the controller in-
cludes a correction unit (21, 67) for correcting the am-
plitude of the excitation voltage to maintain each of the
induced detection voltages at a predetermined value.

Claims

1. An angle detection device for use with a rotary shaft,
the angle detection device including an angle de-
tector (51) including an excitation coil (WE), with the
excitation coil arranged on the rotary shaft and sup-
plied with excitation voltage, and a pair of detection
coils (WA, WB), with each detection coil being ar-
ranged near the excitation coil to induce detection
voltage when excitation voltage excites the excita-
tion coil, wherein the detection voltages of the pair
of detection coils have different phases and a con-
troller (2) connected to the angle detector for calcu-
lating the rotational angle of the excitation coil from
the detection voltages induced in the detection
coils, the angle detection device being character-
ized in that:
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the controller includes a correction unit (21, 67)
for correcting the amplitude of the excitation
voltage to maintain each of the detection volt-
ages at a predetermined value.

2. The angle detection device according to claim 1,
characterized in that the correction unit (21, 67)
selects one of the detection voltages in accordance
with the rotational angle of the excitation coil to ob-
tain the ratio of the amplitude of the selected detec-
tion voltage relative to a predetermined target signal
amplitude and correct the present amplitude of the
excitation voltage with the ratio.

3. The angle detection device according to claim 2,
characterized in that the correction unit (21, 67)
calculates a new amplitude of the excitation voltage
by multiplying the present amplitude of the excita-
tion voltage by the ratio.

4. The angle detection device according to claim 2,
characterized in that the correction unit (21, 67)
compares the amplitudes of the two detection volt-
ages and selects one of the amplitudes according
to the comparison result.

5. The angle detection device according to claim 1,
characterized in that the correction unit (21, 67)
corrects the present amplitude of the excitation volt-
age so that excitation current generated by the ex-
citation voltage increases or decreases.

6. A torque sensor for use with an input shaft and an
output shaft, the torque sensor including:

a torsion bar (10) having a spring constant con-
nected between the input shaft and the output
shaft;
a first angle detection device (41) for detecting
a rotational angle of the input shaft;
a second angle detection device (42) for detect-
ing a rotational angle of the output shaft; and
a calculation unit (2) for calculating a torsion
amount of the torsion bar from the deviation be-
tween the rotational angle of the input shaft de-
tected by the first angle detection device and
the rotational angle of the output shaft detected
by the second angle detection device and for
calculating the torque applied to the input shaft
based on the torsion amount and the spring
constant of the torsion bar, the torque sensor
being characterized in that:

the first angle detection device including:

a first angle detector (51) having a first
excitation coil (WE), with the first exci-
tation coil arranged on the input shaft

and supplied with a first excitation volt-
age, and a pair of first detection coils
(WA, WB), with each detection coil be-
ing excited by the first excitation coil to
induce first detection voltage, wherein
the first detection voltages of the pair
of first detection coils have different
phases; and
a controller (2) connected to the first
angle detector to calculate the rota-
tional angle of the first excitation coil
from the first detection voltage induced
in each of the first detection coils,
wherein the controller includes:

a correction unit (21, 67) for cor-
recting the amplitude of the first
excitation voltage to maintain
each pf the first detection voltages
of the first angle detector at a pre-
determined value;

the second angle detection device includ-
ing:

a second angle detector (52) having a
second excitation coil (WE), with the
second excitation coil arranged on the
output shaft and supplied with a sec-
ond excitation voltage, and a pair of
second detection coils (WA, WB), with
each detection coil being excited by
the second excitation coil to induce
second detection voltage, wherein the
second detection voltages of the pair
of second detection coils have differ-
ent phases; and
a controller (2) connected to the sec-
ond angle detector to calculate the ro-
tational angle of the second excitation
coil from the second detection voltage
induced in each of the second detec-
tion coils, wherein the controller in-
cludes:

a correction unit (21, 67) for cor-
recting the amplitude of the sec-
ond excitation voltage to maintain
each of the second detection volt-
ages of the second angle detector
at a predetermined value.

7. The torque sensor according to claim 6, character-
ized in that the correction unit (21, 67):

selects either one of the first detection voltages
in accordance with the rotational angle of the
first excitation coil, obtains a first ratio of the
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amplitude of the selected detection voltage rel-
ative to a target signal amplitude, and corrects
the present amplitude of the excitation voltage
applied to the first excitation coil with the first
ratio; and
selects either one of the second detection volt-
ages in accordance with the rotational angle of
the second excitation coil, obtains a second ra-
tio of the amplitude of the selected detection
voltage relative to the target signal amplitude,
and corrects the present amplitude of the exci-
tation voltage applied to the second excitation
coil with the second ratio.

8. The torque sensor according to claim 7, character-
ized in that the correction unit (21, 67):

calculates a new amplitude of the first excita-
tion voltage applied to the first excitation coil by
multiplying the present amplitude of the first ex-
citation voltage by the first ratio; and
calculates a new amplitude of the second exci-
tation voltage applied to the second excitation
coil by multiplying the present amplitude of the
second excitation voltage by the second ratio.

9. The torque sensor according to claim 6, character-
ized in that the correction unit (21, 67):

compares the amplitudes of the first detection
voltages to select one of the first detection volt-
ages in accordance with the comparison result;
and
compares the amplitudes of the second detec-
tion voltages to select one of the second detec-
tion voltages in accordance with the compari-
son result.

10. The torque sensor according to claim 6, character-
ized in that the correction unit (21, 67):

corrects the present amplitude of the first exci-
tation voltage so that excitation current gener-
ated by the first excitation voltage increases or
decreases; and
corrects the present amplitude of the second
excitation voltage so that excitation current
generated by the second excitation voltage in-
creases or decreases.

11. A method for detecting the rotational angle of a ro-
tary shaft (8), the method being characterized by:

applying excitation voltage having a predeter-
mined amplitude to an excitation coil (WE) ar-
ranged on the rotary shaft;
inducing detection voltages having different
phases in a pair of detection coils (WA, WB)

that are arranged near the excitation coil by ex-
citing the excitation coil;
calculating a rotational angle of the rotary shaft
from the detection voltages; and
correcting the amplitude of the excitation volt-
age to maintain each of the detection voltages
at a predetermined value.

12. The method according to claim 11, characterized
in that said correcting includes:

selecting one of the detection voltages in ac-
cordance with the rotational angle of the exci-
tation coil; and
correcting the present amplitude of the excita-
tion voltage with a ratio of the amplitude of the
selected detection voltage relative to a prede-
termined target signal amplitude.

13. The method according to claim 12, characterized
in that said correcting the present amplitude of the
excitation voltage includes:

calculating a new amplitude of the excitation
voltage by multiplying the present amplitude of
the excitation voltage by the ratio.

14. The method according to claim 11, characterized
in that said selecting includes:

comparing the amplitudes of the detection volt-
ages to select one of the detection voltages in
accordance with the comparison result.

15. The method according to claim 11, characterized
in that said correcting includes:

correcting the present amplitude of the excita-
tion voltage so that excitation current generat-
ed by the excitation voltage increases or de-
creases.
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